The aim of this paper is to investigate the direction of causality between poverty, inequality and economic growth in Tunisia using time series data covering the period . We use in this paper the ARDL bound testing approach to cointegration and Toda and Yamamoto (1995) 
Introduction
Since the 80s, according to Ayari, Srasra, and Trabelsi-Ayadi (2005) the priority of the Tunisian government, was to rebuild the institutions and the public service and to address the void left by French officials who walked out of Tunisia and went to their native country after independence. This strategy, stressed the need of central planning and the cooperation of public and private sectors. It also insisted on human development as education, family planning and birth control, women's rights and the eradication of poverty In 1995, Tunisia signed an association agreement with the European Union. The agreement was focused on creating a free trade area within a period of twelve years. During this phase, the GDP has grown with an accelerated rate compared to 1970 years and raised to 5.5%. In addition, poverty dropped intensely, from 40% in 1970 to risen to 6.2% in 1995 1 .
According to different surveys conducted by Tunisian national institute of statistics (NIS) we noticed that the average spending increasing from one year to another. From 1995 to 2005 it increased up to 41.2%, followed by 34.1% from 2005 to 2010, comparing to increase of 9.5% from 1985 to 1995 2 .
This growth could be affected directly by Inequality and poverty were the social problems, specially increased after the revolution in December 2010. In Tunisia, the proportion of households living below the poverty line rose up dramatically those last years. It reached 24.7% in 2013 and 20% 3 in 2015. Inequality and poverty became a new issue that economists seek to understand due to shocks, global crises and revolutions especially within the Arab countries.
Poverty in Tunisia could be related to the distribution of national income between households and regions. As noted above, it is fundamental in studying poverty to examine the relation between inequality, growth and poverty.
Our study seeks to investigate the cointegration relationship between economic growth, income inequality and poverty rate. The contribution of our work is to explore this relationship using new indicator of poverty, which is the consumption per capita. We chose to apply the ARDL model in the case of our country.
Literature Revue
The literature on the link between economic growth, poverty and inequality is too controversial with the conclusions on causality and the relationship between these three concepts. Each country should have goals for the effective redistribution of wealth to promote growth. It encourages the State to invest further within different sectors: education, health, infrastructure, etc. It stimulates growth and reduces poverty.
In recent years, many empirical studies have attempted to examine the relationship between income inequality, poverty and economic growth. First, the studies note that poverty is measured by income, so there is a great connection between the two terms (Gelaw, 2009) . By increasing the income of poor workers, one is able to reduce poverty. In this context, different studies have been developed to explore the complex relationship between income inequality and economic growth as well as poverty, which generate much debate in developing countries such as Tunisia.
According to the literature, the relationship between income inequality and GDP is very complex. It can be positive, negative, and it may be absent. Barro (2000) concluded that the effect of income inequality on growth might be positive or negative depending on the level of economic development. Income inequality in poor countries retards economic growth, while income inequality in rich countries stimulates growth.
The Relation between Growth and Inequality
The relation between these concepts is still arbitrary. Cogneau and Guenard (2002) examined how inequality and growth at the macroeconomic country level are related. They found no robust relationship from income inequality to economic growth and to the physical and human investment. However, Aghion and Howitt (1996) and Forbes (2000) and many other economists have shown a positive relationship between those variables. Sbaouelgi and Boulila (2013) studied the causality between income inequality and economic growth for nine countries in the region of MENA for the period that runs from 1960 to 2011. They showed that there is long-term causality between economic growth and inequality for those countries: Tunisia, Iran, and Morocco. They also proved that growth has a positive effect on income inequality for Tunisia.
Some research shows that there is a negative causal relationship between the initial level of inequality and the growth rate in the long term. Dalton (1920) showed that inequality increases when there is an income transfer from a poor to a rich. This is the principle of transfer, which was initiated by Pigou in 1912 and was redesigned in 1920 by Dalton who insists that "This principle requires an increase in inequality consecutive to a transfer of income from the poorest to the richest, and a decline in inequality in the opposite case''.
Another relevant study that found a negative relationship between inequality and growth is Deininger and Squire (1996) . They argued about reducing poverty and promoting growth, so that governments start reinforcing their efforts to distribute the income with an egalitarian manner. Nasfi and Weriemmi (2014) studied the link between the triangle growth, inequality and poverty for Tunisia in the period, which runs from 1984 to 2011. The main results show that trade openness, financial development and capital humans have positive effects on economic growth. As for the inequality, the negative sign of the Gini coefficient reflects a negative effect of this variable on economic growth. Atkinson, Cantillon, Marlier, and Nolan (2002) who had showed the importance of income distribution in order to explain how the level of inequality has an impact on economic growth confirms this hypothesis.
Rajan (2010) is among the main supporters of the negative relation between inequality and growth. He argued that growing income inequality is a key factor leading to the financial crisis. Then there is a negative relationship between economic growth and income inequality.
The Relation between Poverty and Growth
Regarding the link between economic growth and poverty (Perotti, 1993) find that a high level of income allows the state to allocate more tax in different sectors such as health, education and social protection. This has a significant impact on reducing poverty. Ravallion and Chen (1996) estimate that reducing poverty related to high growth rate.
In addition, Lonnie and Sessions (2008) showed that during the phases of economic growth, the poverty rate is negatively related to economic changes for the United States. Piketty and Saez (2003) concluded that countries that are characterized by high rates of poverty and a high degree of income inequality could not benefit from economic growth.
In this context, Hull (2009) emphasized the importance of job creation as a major channel for poverty reduction. Since, the quality and access of the poor to be employed are crucial determinants of poverty reduction. While economic growth is strongly linked to poverty reduction.
In the same line, Zaman, Khan, Ahmad, and Ikram (2011) indicated that there is a negative relationship between GDP and poverty. This means that the increase in GDP leads to increased production and therefore we speak of job creation. The latter has an impact on per capita income and in general on reducing poverty.
In Tunisia, Ayari et al. (2005) and Lahouel (2007) suggested that the component of growth as main factor in reducing the poverty rate continues from 1980 to 2000. The redistributive effect was generally low or had negative sign with economic growth. However, Bibi (2011) showed a positive relationship between growth and poverty for Tunisia.
Similarly, Sboui (2012) conducted a research in Tunisia from 1985 to 2005 to verify the relation between poverty and growth. The result confirmed that the rich have, proportionately, benefited more from the outcomes of growth than the poor have. Thus, growth has never been strictly pro-poor in Tunisia.
In addition, Aigbokhan (2000) conducted a research on the relationship between poverty, inequality and economic growth in Nigeria for the period 1986 to 1996. This economist explained the positive relationship between growth and poverty. In economic growth phase from 1986 to 1992, the level of poverty was doubled in the country. This result suggests that the phenomenon known as "trickle down", which supports the idea of growth reducing poverty and inequality, are not taken into consideration by the Nigerian data.
In addition, we find the study of Stephen and Simeon (2013) who conducted research on economic growth and poverty in Nigeria and they revealed that there is a positive relation between economic growth and poverty, implying that the improvement in economic policies did not reduce poverty.
According to Hassan (2015) the increase in the GDP growth rate for developing countries is accompanied by a high income inequality that increases the poverty. Whilst, for developed countries, the high rate of GDP generates low levels of income inequality and reduces poverty gap and, therefore, it stimulates economic growth. Tanimu and Saifullahi (2014) examined the relation between growth, inequality and poverty in Nigeria using bound test of cointgration and granger causality test. They showed unidirectional causal relation running from GDP to poverty, which means that an increase in GDP in Nigeria causes high level of poverty.
The Relation between Inequality and Poverty
Is there a direct link between poverty and inequality? The results of empirical studies noted that inequality is important for the well-being of households so we should understand the impact of this variable (Wilkinson & Pickett, 2010) . Cheema and Sial (2012) showed a long-term relationship between the triangle of economic growth, poverty and income inequality in Pakistan for the periods between 1992-1993 and 2007-2008 . After an economic growth period, the increase in GDP was accompanied by a general inequality of income during the initial stage in developing countries. Their result shows that inequality has a positive effect on poverty. Kakwani (2001) and Son (2007) concluded that there is a positive relation between inequality and poverty. In addition, Alesina and Rodrik (1994) found that initial inequalities lead to lower growth and that contributes to accelerate poverty.
Similarly, Ravallion (1997) and Son and Kakwani (2004) have shown that a high levels of inequality, increased the poverty and will be more insensitive to economic growth. Bourguignon (2003) developed a study in this line; he showed that reducing inequality causes poverty reduction. The main objective of Bourguignon (2003) was to study the countries' development strategies. The economist said that the reduction of poverty in a country is usually determined essentially by the growth rate of the average income of the population and the change in income distribution. Therefore, to rapidly reduce absolute poverty, countries must follow appropriate policies for growth and income distribution. Lombardo (2008) shows how inequality plays positive and significant roles in affecting poverty for Italy.
Data Sources and Description of Variables
This study is based on annual time series data on real GDP, income inequality, and poverty rate over the period . The data are obtained from different sources. They were retrieved from the World Development Indicators World Bank (W.U.S) (2013) the basis of Deininger and Squire (1996) and the basis of SWIID. The missing values were supplemented by a simple interpolation between two successive points. Our study aims to contribute to the literature by using data recently constructed for the inequality and poverty. It is based on the Gini index and the consumption per capita. The variables of interest in our model are the poverty rate, economic growth and income inequality. All variables are defined as follows:
Growth rate (GRW): We will choose to use the GDP growth rate per capita as a proxy for economic growth.
Inequality (INQ): is an important indicator when trying to deal with the development, welfare, living conditions and the impact of social and economic policies of population. In the empirical literature, the inequality of income is generally measured by the Gini index. The Gini coefficient is a statistical measure that allows us to measure of disparities in a given population. It is useful to synthesize the inequality of wages, income and level of life within a country. It varies between zero and one. If the Gini index is zero, then the distribution is perfectly egalitarian.
Poverty (POV): a number of indicators for measuring poverty have been proposed in the literature as the annual per capita income, the rate of population living under 1 or 2 dollars per day ... However, these indicators do not have some imperfections. The annual income per capita that has been used in some previous empirical studies does not account other dimensions of poverty. Furthermore, studies have shown that consumption expenditure for the poor is usually more stable than income (see (Ravallion, 1992; Woolard & Leibbrand, 1999) ). For this reason, in our study we will use the consumption per capita as an indicator of poverty measurement (see also (Dhrifi, 2013; Odhiambo, 2009; Quartey, 2005) ). We chose this proxy as an indicator of poverty measurement and not income because the actual consumption is more directly related to the welfare of a person in the sense that it better reflects the satisfaction of basic needs. In addition, it can reflect the real living standards of the household and its ability to cover its basic needs. As for income, it reflects only one of the elements that will allow the consumption of goods (Kpodar, 2006) . Per capita consumption is provided by the World Bank. Descriptive statistics of all variables at their levels are presented in Table 1 . The proxy of poverty is the market value of all goods and services purchased by households including payments and fees to governments (to obtain permits and licenses…). It includes imputed rent for owner-occupied dwellings. For example, the higher level of consumption in 2013 is 68.15% and the low one is in 1974, which is equal to 57.81%. This increase in the level of consumption is due to the growth of income.
Econometric Methodology and Empirical Results

Unit Root Tests
Before estimating the relation between our concepts, it is necessary to check the properties of time series. Non-stationary is common a property to the many macroeconomic and financial time series. Therefore, the first and important step in time series analysis is to check unit. There are different methods for unit root, as for example: Dicky Fuller (DF), Augmented Dicky Fuller (ADF) and Philip Perron (PP) test, KwiatkowskiPhillips-Schmidt-Shin (KPSS) etc. Series which are stationary after being differentiated only once is integrated of order 1, whereas a series that appears stationary, without differentiation, is called I(0). In general, series are stationary after being differentiated n times are integrated of order n, noted I(n). After finding the order of integration of variables study, the next step is to decide about the cointegration technique. To study the relationship between growth, poverty and income inequality, we should test stationarity. ARDL bounds test is based on the assumption that the variables are I(0), I(1) or mix of both.
The results of the two tests applied to the levels and first differences of the variables are shown in Table 2  and Table 3 . Table 2 shows the results of the unit root tests ADF and PP of different series in level. According to the ADF test, we note that the GRW and INQ series are stationary in level: I(0). The PP test confirms the results of ADF only for GRW variable. Therefore, the economic growth variable is stationary in level. However, for the INQ, this test shows that there is a unit root. Therefore, the INQ variable is non-stationary in level. To eliminate this confusion, we move to another unit root test, which is the KPSS test with a null hypothesis of no unit root. This test well confirms the stationarity of the INQ series. Concerning the third variable 'POV', the result shows that is integrated of order 1, (I (1)). Table 3 gives the results of ADF and PP tests in first difference. According to the tests of ADF and PP the POV series is stationary in first difference. It is integrated of order 1. We note that the series have different orders of integration and therefore we can run an ARDL approach. 
ARDL Bounds Testing to Cointegration
The main objective of cointegration is to discover the long-run relationship and the short-run interactions among variables. We applied the Autoregressive Distributed Lag (ARDL) model. Pesaran, Shin, and Smith (2001) developed this modeling approach.
Among the advantages of this technique: Firstly, it allows modeling series integrated of order differently but less than two. Secondly, to have a single simple equation to interpret so the system will automatically choose the appropriate number of lags. Then, this technique offer, in contrast to other methods, a new more efficient approach to use for obtaining the best-unbiased estimates of the long-term model, and it testing simultaneously for the long-run and short-run relationships. Finally, this approach is more efficient with small sample sizes as it is the case of most of the empirical studies of developing countries. The ARDL equation is the following:
Where β, γ and shows short-run dynamics of the model and all θ's shows the long-run relationship.
The ARDL approach consists of two steps for estimation of the long-run relationship among variables. The application of F-statistic is the first step, in order to check if cointegration exists or not. This is called bound test. The bound test developed by Pesaran et al. (2001) is the Wald test. The null hypothesis of absence of long-run relationship between economic growth, poverty and inequality from the Equation 1 is written: H0: θ0 = θ1 =θ2 = 0. This assumption is examined by using the Wald statistic or the statistics of Fisher following a distribution that is not standard (Ghorbani & Motallebi, 2009 Narayan (2005) the upper bound critical values refers to the I(1) series and the lower bound critical values to the I(0) series. If the F-statistic exceeds the upper critical bound, then the null hypothesis of no cointegrating relation can be rejected. In the case when the Fstatistic falls between the upper and lower bounds, a conclusive inference cannot be made. In the case, the Fstatistic falling below the lower critical bound, we cannot reject the null of no cointegration.
The ARDL procedure starts with determining of an appropriate lag order in Equation 1. This needs to implement the information criteria for selecting the lag-lengths. For this purpose, we used the Akaike Information Criterion (AIC). It is clear from the Graph 1, that the model ARDL(4,0,0) is the optimal model since it has the lowest AIC criterion (for more details see Belloumi (2014) and Belloumi and Alshehry (2015) ). Table 4 . It is clear that there is a long-run relationship between poverty, inequality and economic growth in Tunisia. After checking order of integration next step is to check long-run and short-run relationship among variables. The long-run model can be estimated as:
After evaluation of the long-run relationship the further step is to find the short-run relationship between output gap. We recall that a conventional ECM for co-integrated variables has the following form:
Where ECT represents the OLS residuals derived from the long-run relationship model given by:
The error correction term is given by the following equation: Table 5 shows the long-run and short-run error correction model. The results of long-run error correction model indicate that the adjustment parameter [ECT(-1)] shows negative and significant value, indicating the long-run convergence. This coefficient reveals that about 44% of the disequilibrium in the poverty rates in Tunisia is reported with other independent variables.
According to Table 5 , there is a negative relation between inequality and consumption per capita. If inequality decreases by 1 percentage point, consumption per capita increases of 0.87 points, and, therefore, poverty decreases. Inequality has a positive effect on poverty in the long term. This coefficient shows the direct and significant impact of this indicator on the reduction of poverty in Tunisia. Our result is consistent with results of Cheema and Sial (2012) ; Ravallion and Chen (1996) and Lombardo (2008) ; Kakwani (2001) and Son (2007) ; Bourguignon (2003) and Son and Kakwani (2004) as well as Hassan (2015) .
However, economic growth has no impact on poverty. This result confirms assumption of Englert (1998) and Nomaan (2011) . We can explain this result by the lack of a law linking of GDP with poverty. This result also confirms also the hypothesis of Hanmer and Naschold (2000) who suggested that the least developed countries will not able to reduce poverty through growth alone, but there are types of policies and strategies to reduce poverty. While poverty is linked to political choices that differ from one country to another.
The results of the short-run estimation suggest that the results of long-run are the same in the short-run, for the inequality. Therefore, we have a positive relation between poverty rates and inequality: Hassan (2015) . The growth also has a positive relation with poverty. Past work has shown that a given rate of economic growth reduces poverty. Indeed, an increase growth rate of 1 percentage point results in a decrease of 0.28 points of consumption and, therefore, poverty increases. This implies that economic growth rate does not reduce poverty in Tunisia. This result is similar to the findings of Aigbokhan (2000); Bibi (2011); Tanimu and Saifullahi (2014) ; Stephen and Simeon (2013); Sboui (2012) . This is the result of a high inequality level in the developing country (Bourguignon, 2004) . Finally, it was noted that the type of growth in recent years in our country seems to benefit more for the rich than the poor. We can say that the growth has a negative effect in reducing poverty for a country with a higher degree of inequality.
Therefore, it should be noted that there are other factors that must all meet to minimize this concept: inflation rate, population growth rate, investment, the role of social funds. -1)) -0.14 -0.67 0.5 D (POV(-2) Once the ECM model given by Equation 3 has been estimated, we must examine the stability of the longrun coefficients together with short-run dynamics in order to determine the goodness of fit of the ARDL model. All Diagnostic tests for serial correlation (Durbin Watson test and Breusch-Godfrey test), heteroskedasticity (Breusch-Pagan-Godfrey heteroskedasticity test), and normality of errors (Jarque-Bera test) test also were conducted and the results are shown in Table 6 . The results indicate that the p-value associated with the Jarque-Bera statistic is greater than 5%, allowing us to validate residual normality assumption. There is no suspicion of serial correlation among variables and there is no evidence for heteroscedasticity as well. The cumulative sum of recursive residuals (CUSUM) and the CUSUM of square (CUSUMSQ) tests are applied also. Figure 2 and Figure 3 plot the long-run stability of the model. The results indicate the absence of any instability of the coefficients because the plot of the CUSUM and CUSUMSQ statistic represent critical bounds at 5% significance level. Following these tests, we can conclude that our error correction model is validated, the results of diagnostic tests show that the residues satisfy all the assumptions of the linear model and our model is stable over time.
Residuals
The aim of the last step is to resolve the causality issue between poverty economic growth and income inequality.
Toda and Yamamoto Causality Test
The objective of our study aims to identify the causal relationships between economic growth, poverty and income inequality. As well, the knowledge of the causality between the economic variables used to provide important elements for the implementation of economic policies adequate. For this reason and to better highlight the relationship in the short term between these variables better, the test of Toda and Yamamoto Table 7 , the results of the tests are in favor of unidirectional causality between economic growth and poverty. In other words, in the case of Tunisia, the statistical significance of χ² and t-statistics at the 5% level show that economic growth cause poverty. This supports the assumption of Tanimu and Saifullahi (2014) .
The same for the relation between poverty and inequality, according to the approach of Toda and Yamamoto, the existence of this unidirectional relationship is verified. The poverty causes income inequality in Tunisia.
In the case of Tunisia, the evidence is in favor of bidirectional causality between the proxy of income inequality and the growth rate of GDP per capita at 10% level. So, we can assume that inequality also affects poverty indirectly through its impact on growth. This result is affirmed by Sbaouelgi and Boulila (2013) and Sbaouelgi (2014) . 0 .... : Political leaders should focus their efforts on the poorest and the middle class to reduce inequality. In Tunisia, to promote growth and reduce poverty, government must strengthen its efforts to distribute income of an egalitarian manner. The following chart summarizes the different direction of causality:
Conclusions
There is a conflicting viewpoint about the relation and the causal impacts of inequality and growth on poverty. This study has investigated the nature and the direction of causality between poverty, economic growth and income inequality. The result of bounds testing for cointegration shows that there exists long-run relationship among variable in Tunisia by using annually data for the period 1970 to 2013. In long term, we conclude that economic growth does not seem to affect poverty. However, growth is positively related to poverty in the short term. The poor might suffer more from economic growth in the short term especially in high inequality countries.
In the other hand, Toda and Yamamoto (1995) test is applied for testing the causality between this triangle. In examining the causal relation, the result shows that there is a unidirectional causal relationship running from economic growth to poverty. The result further reveals the existence of unidirectional causal relation between poverty and income inequality. However, we found a bidirectional causality between the proxy of income inequality and the growth rate of GDP per capita.
Throughout this critical reading, it turned out, referring to theoretical and empirical analyzes mentioned above, that decline in poverty depends primarily on strong economic growth and countries must follow appropriate policies for income distribution. However, if the findings of empirical studies are not always the same, it is possible to state that growth alone is not enough to reduce poverty.
The empirical evidence presented above has important implications for the conduct of economic policies in our country. Indeed, despite the results of the study, in Tunisia, development strategies should keep in mind the fact that the fight against poverty and reduce income inequality are always a priority.
